Honey bees and bee products are optimal monitors of the environmental quality; experimental beehives were placed in strategic places of Gran Sasso-Monti della Laga Park. Pollen and honey, produced in this protected area, were analyzed in order to demonstrate their good quality respect to those commercials. Physico-chemical parameters (water content, hydroxymethylfurfural), total flavonoid and phenolic contents and residue analysis (heavy metals, pesticides, tetracycline, sulfathiazole) were carried and evidenced their high quality. Moreover, melissopalynological analysis allowed us to establish a floristic census within the different places of the park. Data show that bee products are good quality, contain high levels of phenolics and flavonoids and show absence of pesticides and low concentration level of heavy metals and antibiotics. Due to this the human impact, even in protected areas, cannot be neglected; similarly environmental contamination by wild livestock was seen in different monitored sites.
INTRODUCTION
Honey is a natural complex produced by honeybees (Apis mellifera L.) from the nectar of flowers as well as from honeydew, usually produced by plant-striking insects. Honey components like carbohydrates, water, traces of organic acids, enzymes, amino acids, pigments, pollen and wax derive from the maturation of the nectar, while some others are added by the bees. During the foraging, bees can capture nectar, pollen, propolis from the buds of various botanic species, honeydew from the aphids of infested plant and water from wells and irrigation ditches.
When they return to the hive with the precious cargo, nectar and pollen are stored, honey is made, propolis is used for bacterial protection of the hive and larvae are fed. Because of these insects, through their activity, may cover an immense area around the beehive (about seven square kilometers) and can take a lot of ambient samples (directly or casually picking up airborne particles with its body hairs), they are considered good environmental bioindicators [1, 2] . Bees are highly sensitive to the quality of the areas in which they live: agricultural pesticides, human and livestock antibiotics, fungicides, heavy metals, radionuclides and other pollutants present in the environment can induce high mortality in the beehive. Unfortunately, some contaminants result directly from bad beekeeping practices: acaricides to prevent varroasis and antibiotics to control bee brood diseases, in particular tetracycline, sulfonamides and tylosin are used to treat bee pest [3] . All these environmental contaminants can be detected in bee products, by scientific methods, and used to individuate polluted geographical areas [4] [5] [6] . On the other hand, beehive study can give us also information about the floral composition of the space covered by bees by the melissopalynological analysis that can identify botanical species present in these areas. The present study aims to demonstrate the good quality of honey produced from protected areas and natural parks with respect to the populated areas, by analyzing the presence of contaminants, its high nutritional levels and the optimal values of its physicochemical parameters. Another object of this work is the use of melissopalynological analysis as a method for establishing a floristic census of natural environment. Parks and natural areas represent ideal sites for installing experimental beehives: high quality honey can be produced in these places, because they are less exposed to pollution than other areas, and specific studies of the environmental botanical composition can be conducted, because of their abundance in plant species. In fact, honeybees are usually the most effective pollinators of numerous crops and wild plants which are not wind-pollinated; the visitation of flowers by pollinating insects is crucial for the reproduction and conservation of almost 80% of angiosperm plant species [7] . Declines in the number of managed beehives in the United States over the past 50 years, [8] in conjunction with recent losses due to Colony Collapse Disorder [9] , have raised concerns about the development and the sustainability of the global agriculture. The extent and causes of bee decline can be attributed to habitat loss and fragmentation, climate change, non-native species, pesticides, genetically modified crops and parasite infection from the fungal pathogen Nosema virus [10] .
MATERIALS AND METHODS

Beekeeping Materials
Experimental beehives were installed in strategic areas of Gran Sasso Natural Park and "Monti della Laga" to cover the whole region of Abruzzo (Central Italy). The project lasted for three years: 2008, 2009 and 2010. Overall seventy-seven samples were collected ( Table 1) . The honey samples were obtained by beekeepers that took part to this monitoring project based on good apicultural practices. All samples were subjected to chemical-physical, melissopalynological and residual parameters analysis by the Honey Research Centre of the University of Rome "Tor Vergata".
Physico-Chemical Analysis
Analytical results of physico-chemical analysis, obtained according to the Italian Official Methods for the Analysis of Honey [11] are summarized in Tables 2 and in 3. For each parameter the mean value of three analyses and the respective standard deviation are reported. The determination of moisture was ascertained by refractometry, using an Abbe refractometer. All measurements were performed at 20˚C; after waiting for 6 minutes for instrument equilibration, the corresponding moisture percentage (g/100g honey) of honey sample was obtained with respect to a standard table. The hydroxymethylfurfural (HMF) was carried out to the UNI directive 10934 [12] using the spectrophotometric method. In brief, 5 g of each honey sample was transferred into a 50 mL tube, with 500 µL of Carrez reagents (I and II), and diluited to 100 mL with water. If necessary, alcohol may be added to suppress surface foam. With a clarified honey solution containing 0.2% (m/v) sodium bisulfite as a reference and a similar solution without bisulfite as a sample, a difference spectrum was obtained which represented only the HMF in the sample, without the interfering absorption of the honey. Absorbance was determined at 284 and 336 nm in a 1 cm quartz cuvette in a Cary 50 Bio UvVisible Spectrophotometer (Varian). HMF contents, expressed as mg/kg, were calculated from the equation HMF = (A 284 − A 336 ) × F, where A 284 , A 336 are the absorbance readings and F = 149.7 is HMF molecule absorption constant.
Melissopalynological Analysis
The melissopalynological analysis was carried out as described by Van Der Ohe et al. 2004 [13] . Ten grams of honey sample were dissolved in 20 mL of distillated water. The solution was centrifuged at 1000 g for 5 minutes, and the supernatant was removed. The entire sediment was transferred onto a microscope slide; pollen was colored with glycerine jelly and 0.1% basic fuchsin. Pollen was identified by optical microscopy (Leica DME). The pollen sample were also dissolved in low volume of water and directly assembled onto a microscope slide, stained and analyzed in the same way of honey-ones.
Nutraceutical Estimation: Total Flavonoid and Phenolic Contents
Concentrations of total flavonoids and total phenolics were measured using Heimler et al. 2005 [14] and Meda et al. 2004 [15] modified methods. In brief, honey and pollen samples (5 g) were diluted with 50 mL of de-ionized water and sonicated in an ice bath for 20 minutes. To 0.25 mL of honey solution, 75 µL of 0.05 g/mL Sodium nitrite, 0.15 mL of freshly prepared 0.1 g/mL aluminum chloride and 0.5 mL of Sodium hydroxide 1 M were added. The final volume was adjusted to 2.5 mL with de-ionized water. Sample absorption readings at 510 nm were taken after 10 minutes with respect to a water blank sample. Total flavonoid content was determined using a calibration curve obtained with quercetin (0 -200 mg/L) as standard and expressed as mg quercetin equivalent (QE) kg −1 honey. On the other hand, Folin-Ciocalteu method was used to determine total phenolic amount. An aliquot of 0.5 mL of honey solution (prepared as described above) was mixed with 2.5 mL of 0.2 N Folin-Ciocalteu reagent for 5 minutes. Then, 2 mL of 75 g/L Sodium carbonate was added. The sample was incubated at room temperature for 2 hours in the dark. Absorbance of the mixture was measured at 760 nm with respect to a methanol blank sample. Gallic acid (0 -200 mg/L) was used as standard to produce the relative calibration curve. Total phenolic content was expressed as mg gallic acid equivalent (GAE) kg
honey. A UVIKON 860 UV-visible spectrophotometer (Kontron, Germany) was used for the absorbance measurements.
Total Protein Contents
The quantification of protein content was performed according to the Bradford protein assay [16] . A stock standard solution of 2 mg/mL was prepared in distilled water and a calibration curve in UV-visible spectrophotometer UVIKON 860 (Kontron, Germany) was carried out by serial dilutions. Honey (5 g) and pollen (1 g) samples were dissolved in 10 mL of Phosphate Buffered Saline (PBS) pH 7.4 overnight at 4˚C with shaking. Sam-ples were then centrifuged at 14,000 rpm for 15 minutes at 4˚C with ultracentrifuge (Beckman Coulter Optima XL-100 K); 60 µL of distilled water, 15 µL of hydrochloric acid 0.1 N, 10 µL of PBS pH 7.4 and 3.5 mL of Bradford Dye Reagent were added 20 µL of supernatant extract. Absorption readings at 595 nm were taken after 5 minutes with respect to blank sample. Total protein content was determined using a calibration curve with BSA (0 -100 mg/L) as standard and expressed by conversion as mg protein in g honey/pollen.
Residues Analysis
Tetracycline Analysis
Tetracycline (TC) was analyzed using Huq et al. 2006 [17] and Oka et al. 1998 [18] modified method. In brief, honey samples (10 g) were melted in 25 mL of McIlvane-EDTA buffer, pH 4.00 (11.8 g citric acid, 13.72 g Na 2 HPO 4 ·2H 2 O, 37.2 g Na 2 EDTA·2H 2 O). Solid-phase extraction was carried out with the combination of DSC-C18 and MCAC cartdriges. DSC-C18 cartridge was conditioned with 4 mL of methanol and 4 mL of 0.1% trifluoroacetic acid (TFA) while MCAC cartridge was prepared with 1.5 mL of Sepharose and conditioned with 2 mL of 0.1% TFA. Honey sample was loaded into the first cartridge, washed with 4 mL of 0.1% TFA and eluted with 4 mL of methanol; then, it was loaded into the second cartridge, washed with 2 mL of 0.1% TFA and then with 2 mL of methanol. Tetracycline were eluted with 3 mL of McIlvane-EDTA buffer pH 4.00. The chromatographic analysis was performed using an HPLC-DAD Shimadzu (Model SPD-M20A IV DD). Separations were carried out in a Hamilton HxSil C18 column (250 × 4.6 mm, 5 µm), using a mobile phase of formic acid 0.2% (solvent A) and methanol (solvent B). A gradient was used starting with 90% of solvent A for 3 minutes and with solvent B increasing to 75% in 4 minutes. A flow rate of 0.7 mL/min and an injection of 20 µL was employed [19] . Tetracycline stock standard solution of 1 mg/mL was prepared in methanol and a calibration curve in HPLC-DAD was carried out by serial dilutions (100, 10, 1, 0.1 and 0.01 µg/mL). Molecules have been detective at λ = 365 nm.
Sulphatiazole Analysis
The sulfathiazole (STZ) analysis was carried out in accordance with Martel and Zeggane 2003 [20] method, after some modifications. Honey sample (5 g) was diluted with 5 mL of hydrochloric acid 1 M and then dissolved in agitation for 30 minutes at room temperature. Sample was centrifuged at 13000 rpm for 30 minutes at 20˚C. 0.5 mL of supernatant was derivatized with 0.45 mL of sodium acetate trihydrate 1.25 M, 0.5 mL of sodium citrate buffer pH 3.00 (30 mL hydrochloric acid 0.1 M and 18 mL distilled water; adjust the pH to 3.00 with sodium citrate solution) and 0.3 mL of fluram 0.2% (w/v in acetone). Fluram is a fluorogenic reagent that promotes the formation of sulfathiazole pyrrole-derivatives that is relevable on fluorescence (λ exc 405 nm e λ emis 495 nm). The chromatographic analysis was performed using an HPLC-Fluorescence Shimadzu (Model RF-10AXL); separation was carried out in a Hamilton PRP-1 column (150 × 4.1 mm, 10 µm), using a mobile phase of 2% glacial acetic acid (solvent A) and acetonitrile (solvent B) in isocratic conditions of 70% A: 30% B. A stock standard solution (1 mg/mL) of sulphathiazole was prepared in acetonitrile, and a calibration curve in HPLC was carried out by serial dilutions (100, 10, 1, 0.1 and 0.01 µg/mL).
Pesticides Analysis
Pesticides (Amitraz, Coumaphos and Chlorfenvinphos) were analyzed according to Martel and Zeggane 2002 [21] modified method. Honey sample (0.5 g) was melted in 5 mL of phosphate buffer 1 M pH 6.00 and then sonicated for 10 minutes. Fluid sample was purified with a solid phase extraction: DSC-C18 column was conditioned with 4 mL of methanol and 2 mL of phosphate buffer 1 M pH 6.00. Sample was loaded and slowly eluted (1 mL/min), then cartridge was washed with 5 mL of tetrahydrofuran 10% in phosphate buffer 1 M pH 6.00 and finally the investigated molecules were recovered with 2 mL of tetrahydrofuran. Extract was dryed with a concentrator (Savant Speed Vac Concentrator, Abel Electronics) and resuspended in 200 μL of acetonitrile. Chromatographic analysis was performed using an HPLC-DAD Shimadzu (Model SPD-M20A IV DD). Separations were carried out on a Hamilton HxSil C18 column (250 × 4.6 mm, 5 µm), using a mobile phase of triethylamine (TEA) buffer pH 6.10 (solvent A) and acetonitrile (solvent B). A gradient was used starting with 70% of solvent A for 3 minutes, and with solvent B increasing to 100% in 23 minutes. A flow rate of 1 mL/min and an injection of 20 µL was employed. A stock standard solution of 1 mg/mL was prepared in acetonitrile and a calibration curve in HPLC-DAD was carried out by serial diluitions (100, 10, 1, 0.1 and 0.01 µg/mL). Molecules have been detected at λ = 289 nm -313 nm -254 nm respectively for Amitraz, Coumaphos and Chlorfenvinphos.
RESULTS
Copper (Cu), Cadmium (Cd), and Lead (Pb) were measured using Perkin Elmer 3110 Atomic Absorption Spectrophotometer (AAS). Solutions containing Cd, Cu, and Pb ions were obtained by dissolution of their ash in 10 mL percloric acid (60%) and nitric acid (65%) (Merck Darmstadt, Germany). Cd, Cu, and Pb were determined directly in the ash solution by atomic absorption spectrometer (Perkin Elmer 3110 AAS). Calibration curves were prepared using dilutions of stock solutions. Honey samples were read three times and the mean values and the relative standard deviations were computed. Following wavelengths were used for the studied metals: copper 324.8 nm, cadmium 228.8 nm, and lead 232.0 nm. Measurements were made without delay after the solvent extraction.
Physico-Chemical Analysis
The analytical results of physico-chemical analysis are summarized in Table 2 . For each parameter the mean value of three analyses and the respective standard deviation are reported. All samples have optimal values, well below the limit (HMF = 40 mg/kg and H 2 O = 20 g/100g).
Melissopalynological Analysis
The determination of honey botanical origin is based on the relative frequencies of nectar species pollen types (Figure 1) . In general, honey is considered monofloral 
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when the relative frequency of the pollen of one taxon exceeds 45%; it is considered honeydew if the ratio of the number of honeydew elements with respect to pollen grains exceeds 3 [13] . Melissopalynological analysis confirmed the floral origin of all studied honeys. For all samples, five classes of relative frequency were considered: 1) dominant pollen grains with a frequency > 45%; 2) accompanying pollen with a frequency below 16% -45%; 3) important isolated pollen with a frequency below 4% -15%; 4) rare pollen with a frequency < 4%; and 5) non-nectar pollen. Among all the analyzed samples 93.94% are wildflower honeys and the remainder 6.06% are monofloral Castanea honeys. Melissopalynological analysis was used to obtain the floristic list of the nature areas. The results are showed in the Tables 3-5.
Nutraceutical Estimation: Total Flavonoid, Phenolic and Protein Contents
In honey samples, total flavonoid content (mg of QE/kg of honey) varied from 226.59 ± 11.33 mg/kg, found in Capestrano's sample, to 27.40 ± 1.37 mg/kg, estimated in Campli's sample, with an average value of 127.94 ± 31.64 mg/kg. Total phenols content (mg of GAE/kg of honey) varied from 341.23 ± 17.06 mg/kg to 86.00 ± 4.30 mg/kg, both found in Amatrice's honeys, with an average value of 199.92 ± 40.31 mg/kg (Figure 2) . In pollen samples total flavonoid content (mg of QE/g of pollen) varied from 510.00 ± 25.50 mg/g to 54.00 ± 2.70 mg/g, measured in Capestrano's samples, with an mean value of 168.29 ± 60.64 mg/g. In these samples, total phenols content (mg of GAE/g of honey) was estimated from 598.00 ± 29.90 mg/g to 168.00 ± 8.40 mg/g, calculated in Arichia's samples, with an average of 374.56 ± 40.12 mg/g (Figure 3 ). Protein amount in pollen samples changed in the range between 71.82 ± 3.59 mg/g, measured in Capestrano's sample, and 2.52 ± 0.13 mg/g, estimated in Farindola's sample, with an average value of 20.58 ± 10.50 mg/g (Figure 4 ).
Determination of Residues
The identification of residues was based on the comparison of retention time and absorbance spectrum of standards compared with data obtained from sample analysis. Quantification of residues was evaluated by measuring the peak area of the target analytes with respect to the internal standard control; this ratio was fitted onto the linear calibration curves traced for each standard solution. Results are showed in Figures 5 and 6 , and Table 6 . Pesticides are absent in all samples; 2.60% of samples were positive for tetracycline, 22.10% of them resulted positive for sulphathiazole and 27.30% showed positivity to heavy metals (Figures 5 and 6) . Analysis showed that 52% of samples were positive for residues. 27.30% of samples resulted positive for heavy metals (among them 44.40% Pb, 16.70% Cd and 38.90% Cu); in particular, 16.70% was contaminated by only one metal, 27.8% by two metals and 5.6% was positive for three analyzed metals (Table 6 ). Finally, we obtained that (Figure 7) . Similary, the average amount of secondary metabolites is higher in the Gran Sasso Natural Park honeys than regional honeys; phenols 199.92 mg GAE/kg than 127.94 mg GAE/kg and flavonoids 126.83 mg QE/kg than 86.57 mg QE/kg (Figure 8 ).
DISCUSSION
Honey bees are good biological indicators because they indicate the chemical impairment of the environment they live in through two signals, that may be detected by laboratory analyses: the high mortality (in the case of pesticides) and the residues present in their bodies or in beehive products (antibiotics, pesticides, heavy metals, fungicides, radionuclides and other pollutants) [24] . Honey bee is easy to breed, almost ubiquitous, with modest food requirements, covered with hairs (which make it particularly suitabl to hold the materials and e Table 6 . Sample positive (Mean value ± Standard deviation) for heavy metals. substances it comes into contact with), highly sensitive to most plant protection products (revealing when they are improperly spread through the environment e.g. during flowering, in the presence of wind, etc.), with a very high rate of reproduction and relatively short average lifespan, great mobility and wide flying range (which allows a large area to be monitored). These ethological and morphological characteristics make this insect a reliable ecological detector. In fact, honey and pollen analyses represent a precise fingerprint for the study of the environmental condition where the beehive is situated (contamination by pollutants), for the detection of bee's state of health but also for the description of botanical species that are present in the areas they live [25] . For these reasons, it is advisable to install a network of beehives, in defined and coordinated areas, so as to monitor the health state of parks and reserves of Italy. The purpose of this study was to analyze physico-chemical parameters, residual presences, nutritional and nutraceutical values and botanical origin of bee products collected from the protected natural areas of Gran Sasso Natural Park and "Monti della Laga" (Abruzzo, central Italy). The European model for the quality of honey is based on three fundamental criteria: cleanness, freshness and storability. The parameter which defines honey freshness, namely HMF level, is subject to variations during the time and as result of heat treatments. Storability is defined by the water content, which should be sufficiently low to prevent the priming of fermentation phenomena due to yeasts always present in honey [26] . Physico-chemical parameter study of all samples demonstrated the high quality of analyzed honeys: hese values, in fact, fell alt ways within the limits established by Italian legislation [27] . Melissopalynological analysis revealed that 94% of samples were wildflower honeys and only 6% were monofloral Castanea honeys; it indicates the existence of several spectra of vegetation for the different sites in the Parks corresponding to various seasons. Results obtained from this study showed the presence of a lot of botanical species in Gran Sasso Natural Park and "Monti della Laga". The most common floral varieties were: Robinia pseudoacacia L. [33] , showed that chestnut (Castanea) honeys (or wildflower honeys with a high proportion of pollens of Castanea or Thymus) had the highest levels of bioactive compounds with respect to the other honeys. The difference between the nutraceutical amounts found in commercial samples with respect to honeys produced in protected areas, suggested that foraged species can highly affect the content of antioxidant compounds present in bee product [34, 35] . The presence of such bioactive molecules highlights the role of honey as nutritional source of natural antioxidants responsible for protecting human health, as reported by Schramm et al. (2003) [36] , Gheldof et al. (2003) [37] and by McKibben and Engheseth (2002) [38]; moreover, studies conducted in our laboratory demonstrated the anti-proliferative activity of honey 5,7-dimethoxycoumarin in the B16 melanoma cell line [39] . Sometimes pesticides, veterinary substances and environmental contaminants, such as pesticides and heavy metals, may be present in non-negligible quantities in honey because they are accumulated by plants and automatically transferred to the bees through nectar and pollen [40] [41] [42] [43] . For this fact, our last analysis was to verify the potential presence of unwanted residues in hive products. Human and veterinary pharmaceutical product contamination is very critical because these molecules are introduced into the environment by several pathways: discharges of wastewater, plant treatments and land applications of sewage sludge and animal manure [44] . Antibiotic contamination can cause several problems: on bacteria it can induce resistance and alteration on microbial community and on humans it may determine chronic or toxic reactions [45] . Two families of antibiotics, tetracycline and sulfonamides, were investigated in honey samples because they are frequently used in beekeeping to combat foulbrood (Paenibacillus larvae). We also included in these analyses several pesticides (Amitraz, Coumaphos and Chlorfenvinphos) which are used to prevent varroatosis and as agricultural insecticides (like also neonicotinoids) [46] . So an important scope of this project was to use beehives as indicators of environmental quality; the hives were placed in strategic locations, such as near roads (presence of heavy metals) or intensive farms (presence of antibiotics) or cultivated lands (presence of pesticides): thus, contaminated samples indicated not only an excessive use of these toxic molecules by bee-keepers, but also a possible environmental contamination. All analyses were carried out taking into account the National Residues Plan 2010 [47] . This plan shows a limit of tolerance for residues, in beehive products, of ≤5 µg/kg for antibiotics and 0.1 µg/kg for heavy metals; only respecting this limit a product can be marketed. Overall, 27.30% of the monitored samples resulted positive for residues: in particular 2.6% for sulphathiazole, 2.6% for tetracycline and 22.10% for heavy metals (Figures 5 and 6 ). This data show that the human impact, even in protected areas, cannot be neglected. Nevertheless, data obtained from the monitoring of the quality of bee products held at the Honey Research Centre (Department of Biology, University of Rome "Tor Vergata") during 2009 and 2010, according to the directives of 1234/EX DECREE 797, show how the percentage of pollutants from human activities is substantially lower in samples monitored in the Gran Sasso Natural Park and "Monti della Laga" compared to samples belonging to the previous monitoring (ex 797) (Figure 7) . Similary, the amount of secondary metabolites is higher in the Gran Sasso Natural Park honeys than regional honeys (so higher than national average) (Figure 8 ) [35] . The monitoring has also contributed, through the implantations of hives, to the enrichment of pollination of plant species. It has then allowed a census of botanical species, present in those areas, and was able to certify the territory from a point of view of environmental health. Bee-keeping business may be compatible with the needs of the Park to emphasize the conservation of plants and animal species that depend on them. The pollen is a quality product whose production can be suggested as an important economic activity. Honey and pollen production can certainly be identified through a dedicated supply chain that ensures their high organoleptic, nutritional and nutraceutical quality. It remains to suggest the use of beehives in agricultural systems to develop local economic growth and the implementation of yield through the natural pollination service.
